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Abstract 
    The generalized Gibbs free energy and enthalpy is derived in the framework of 
nonextensive thermodynamics by using the so-called physical temperature and the 
physical pressure. Some thermodynamical relations are studied by considering the 
difference between the physical temperature and the inverse of Lagrange multiplier. 
The thermodynamical relation between the heat capacities at a constant volume and at 
a constant pressure is obtained using the generalized thermodynamical potential, 
which is found to be different from the traditional one in Gibbs thermodynamics. But, 
the expressions for the heat capacities using the generalized thermodynamical 
potentials are unchanged.  
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1. Introduction 
In the traditional thermodynamics, there are several fundamental thermodynamic 
potentials, such as internal energy U , Helmholtz free energy F , enthalpy H , 
Gibbs free energy . Each of them is a function of temperature G T , pressure P  and 
volume V . They and their thermodynamical relations constitute the basis of classical 
thermodynamics. 
Recently, nonextensive thermo-statitstics has attracted significent interests and 
has obtained wide applications to so many interesting fields, such as astrophysics [2, 
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3], real gases [4], plasma [5], nuclear reactions [6] and so on. Especially, one has been 
studying the problems whether the thermodynamic potentials and their thermo- 
dynamic relations in nonextensive thermodynamics are the same as those in the 
classical thermodynamics [7, 8].  
In this paper, under the framework of nonextensive thermodynamics, we study 
the generalized Gibbs free energy  in section 2, the heat capacity at constant 
volume  and heat capacity at constant pressure  in section 3, and the 
generalized enthalpy in Sec.4. The conclusion is given in section 5. 
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2. On the Generalized Gibbs free energy   qG
Tsallis q-entropy in nonextensive thermodynamics is nonextensive [1]. Abe 
studied the thermodynamic potential by generalized zeroth law of thermodynamics 
and the so-called physical temperature  [8], which is not the inverse of the 
Lagrange multiplier 
physT
β , defined as 
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where  is a constant, which may depend on nonextensive parameter q , and 
returns to the Boltzmann constant k
Tk
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which is different from traditional thermodynamics. Therefore, we can define the 
generalized Gibbs free energy  as qG
                  VPFG physqq +≡ ,                              (3) 
where  is the physical pressure [8] defined by physP
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Using the first law of thermodynamics, 
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where  is the quantity of heat, satisfying qQ
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one has 
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Substitute Eq.(9) into Eq.(6), it becomes 
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and therefore, 
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Eq.(11) is different from that in the traditional thermodynamics, while Eq.(12) is the 
same and so invariant in the framework of nonextensive thermodynamics. Because 
the physical temperature is not the inverse of the Lagrange multiplier, some of the 
relations between the thermodynamic potentials are changed, while some are not. 
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3. The thermodynamic relation between  and  VqC PqC
In the classical thermodynamics, we know there is an important thermodynamic 
relation between the heat capacity at constant volume, CV, and the heat capacity at 
constant pressure, Cp. Namely [9], 
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Tp
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 We study this thermodynamic relation on  and in nonextensive 
thermodynamics. According to the definition of heat capacity at constant volume 
and at constant pressure , respectively, 
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and using Eq.(8) , one has 
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where the derivative of Tsallis entropy, in terms of the Jacobian determinant and its 
property, is 
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Substitute Eq.(18) into Eq.(16), one obtains 
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Using Eq.(11) and (12), one gets 
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So one finds 
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Substitute Eq.(22) into Eq.(19), we derive the relation between  and in 
nonextensive thermodynamics, 
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Clearly, this relation for the heat capacity has a different form from the classical 
thermodynamic relation (14) if the temperature is defined in terms of the physical 
temperature in nonextensive thermodynamics; only if one takes q=1, it becomes the 
classical form Eq.(13).  
4. On the Generalized enthalpy   qH
In traditional classical thermodynamics, there are fundamental thermodynamic 
relations between the thermodynamical potentials and heat capacity. Firstly, in 
nonextensive thermodynamics, the generalized enthalpy is defined as qH
                      VPUH physqq +≡ .                             (24) 
Therefore, the relation between the thermodynamical potentials is form invariant in 
the framework of nonextensive thermodynamics, 
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From Eq.(24), one gets 
                 physphysqq VdPdVPdUdH ++= .                        (26) 
Using Eq.(9), it becomes 
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Comparing with Eq.(17) one finds 
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and with Eq. (16), one obtains 
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They are form invariant if the temperature is defined using the physical temperature.  
5. Conclusion 
In this paper, we derive the generalized Gibbs free energy and the generalized 
enthalpy in the framework of nonextensive thermodynamics by using the physical 
temperature and the physical pressure. We study the generalized thermodynamical 
potetials, the generalized Gibbs free energy , the generalized Helmholtz free 
energy , the generalized enthalpy , and their relations. We also study an 
important thermodynamical relation between the heat capacity at constant volume, C
qG
qF qH
V, 
and the heat capacity at constant pressure, Cp in nonextensive framework.  
We derive the important relation in the classical thermodynamics between the 
heat capacities at a constant volume and at a constant pressure, Eq.(23), by using the 
generalized thermodynamical potential. We find it has a different form from the 
traditional one in Gibbs thermodynamics. But, the expressions of the heat capacities 
 6
using the generalized thermodynamical potentials, Eq(29), Eq.(30), in this framework 
are still the same as the traditional one. Therefore, the difference between the physical 
temperature and the inverse of Lagrange multiplier can't affect the forms of the heat 
capacities. 
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